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0 Liquid crystal display device and driving method therefor. 



0 A liquid crystal display device receiving televi- 
sion signals formed in accordance with interlace 
scanning method for displaying images is disclosed. 

Numbers of the rows of pixels and of scan signal 
lines on a liquid crystal panel is increased to be the 
same as the number of valid scan lines of 1 frame of 
television signals. The original video signals to be 
inputted to the device are compressed to 1/2, and 
interpolating signals are added to every tine of the 
^compressed signals to form pseudo video signals. 
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Shift register operation cf a scan driver and the 



segment driver are done twice as fast as that in the 
conventional device, and start timing of the shift 
^register operation of the segment driver is controlled 
to be shifted by 1/2 horizontal scanning period be- 
®tween the even field and odd field, while the pseudo 
CL video signals are applied to the segment driver. 
UJ Consequently, to the rows of pixels to which original 
video signals are applied in the even field and to the 
rows of pixels to which interpolating signals are 



applied in the even field, interpolating signals and 
original video signals are applied in the odd field, 
respectively. Consequently, display can be carried 
out seemingly in accordance with the interlace scan- 
ning method. ^ 
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Liquid Crystal Display Device and Driving Method Therefor 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a display de- 
vice of a television receiver and, more specifically, 
to a liquid crystal display device employing a liquid 
crystal panel. 

Description of the background Art 

CRT (Cathode-Ray Tube) displays have been 
widely used as display devices for television re- 
ceivers. However, the depth of a CRT display can 
not be reduced due to the structural limit, and 
when the screen size is enlarged, the weight of the 
display is increased remarkably for implosion pro- 
tection. Therefore, liquid crystal display devices 
having various applicability have been developed to 
take the place of CRT displays. A liquid crystal 
display device employs a liquid crystal panel in a 
video displaying portion thereof. 

Light transmittance of a liquid crystal changes 
dependent on the magnitude of the voltage applied 
thereto. Therefore, when a large number of minute 
transparent electrodes are arranged on a liquid 
crystal panel, in which a light source is arranged on 
one side of a liquid crystal panel and liquid crystal 
is sandwiched by glass plates and the like, and 
various voltages are applied thereto, arbitrarily im- 
ages can be formed on the panel with the 
brightness/darkness thereof dependent on the vol- 
tages applied thereto. Accordingly, desired images 
can be reproduced by applying voltages corre- 
sponding to the brightness of each portion of the 
images to be reproduced to the electrodes at cor- 
responding positions on the panel. The liquid cry- 
stal display device utilizes this idea. 

Fig. 11A is a schematic block diagram showing 
one example of a structure of a conventional liquid 
crystal display in a television receiver. Referring to 
the figure.the liquid crystal display device com- 
prises a liquid crystal panel 61 displaying received 
images; a segment driver 62 and a scan driver 63 
for applying signal voltages to the liquid crystal 
panel 61 for driving the same: a polarity inverting 
circuit 68 for inverting polarity of a received video 
signal; and a timing control circuit 69 for controlling 
the operation timings of the segment driver 62. the 
scan driver 63 and of the polarity inverting circuit 
68. 

In the liquid crystal panel 61. liquid crystal is 



sandwiched by glass plates or the like, : and the 
pane! is divided into pixels by a number of minute 
electrodes arranged in horizontal and vertical direc- 
tions to form a matrix. Fig. lib is a partial sche- 
5 matic diagram showing the structure on the liquid 
crystal panel 61. Referring to the figure, the liquid 
crystal panel 61 has M data signal lines 64 posi- 
tioned parallel to each other in a vertical direction, 
and N scan signal lines 65 arranged parallel to 
10 each other in the horizontal direction. In the figure, 
each of the M x N portions on the panel sur- 
rounded by the data signal lines 64 and the scan 
signal lines 65 is a pixel. A pair of pixel electrodes 
67 sandwiching the panel {the rear surface of the 
15 liquid crystal 61 is omitted) are provided for each 
pixel. A transparent electrode is used as the pixel 
electrode 67. In addition, a switching element 66 is 
provided for each pixel on a liquid crystal panel 61. 
so that the liquid crystal panel 61 is a so-called 
20 active matrix LCD (Liquid Crystal Display). The 
switching element 66 is provided between the cor- 
responding pixel electrode 67 and the correspond- 
ing data signal line 64 with the ON/OFF controlled 
by a signal applied to the corresponding scan 
25 signal line 65. More specifically, when the cor- 
responding switching element 66 is ON. the voltage 
on the corresponding data signal line 64 is applied 
to the pixel electrode 67. Consequently, a voltage 
is applied to the liquid crystal sandwiched by the 
30 corresponding pixel electrode pair, and the inten- 
sity of the transmitted light of the liquid crystal at 
that portion changes dependent on the applied 
voltage. 

N scan signal lines 65 from the liquid crystal 
35 panel 61 are connected to the scan driver 63. The 
scan driver 63 drives the signal lines 65 by the 
same period as the horizontal scanning period of 
the received video signals, in response to a driver 
controlling signal from the timing control circuit 69. 
40 More specifically, it successively applies in the 
said period to each of the N scan signal lines 65 a 
signal for turning the corresponding switching 
means 66 ON (in the following, the scan signal line 
to which such a voltage is applied is referred to as 
45 a selected scan signal line). 

M data signal lines 64 from the liquid crystal 
panel 61 are connected to the segment driver 62. 
The segment driver 62 drives the signal lines 64 in 
the same period as the horizontal scanning period 
50 of the received video signals, in response to the 
driver controlling signal from the timing control 
circuit 69. More specifically, it samples the video 
signal inputted through the polarity inverting circuit 
68 in the said period, and internally transfers and 
outputs the same to apply to the corresponding 



2 



3 



EP 0 382 567 A2 



4 



data signal lines 64 successively. The timing con- 
trol circuit 69 receives a synchronizing signal sepa- 
rated from the received video signal, and applies 
corresponding driver controlling signal and polarity 
inverting timing control signal to the segment driver 
62 and the scan driver 63, and to the polarity 
inverting circuit 68. respectively. 

The polarity inverting circuit 68 inverts the po- 
larity of the received video signal and applies the 
same to the segment driver 62 in a period cor- 
responding to the polarity inverting timing control- 
ling signal from the timing control circuit 69, This is 
done from the following reason. Generally, an al- 
ternating voltage must be applied for driving the 
liquid crystal. Therefore, by inverting the polarity of 
the video signal voltage in prescribed period to 
apply the same to the liquid crystal, the polarity of 
the voltage applied to the same portion of the liquid 
crystal in the liquid crystal panel is changed every 
time, whereby the voltage applied to the liquid 
crystal is turned into an alternating voltage. 

The operation of the liquid crystal display de- 
vice will be described in the following. 

The received video signal including synchroniz- 
ing signal is applied to the polarity inverting circuit 
68, while the synchronizing signal is separated 
therefrom to be applied to the timing control circuit 
69. 

The timing control circuit 69 forms the driver 
controlling signal and the polarity inverting timing 
control signal from the inputted synchronizing sig- 
nal to output these signals to prescribed functional 
portions mentioned above. 

In the polarity inverting circuit 68. polarity in- 
verting process for the inputted video signal is 
carried out in a prescribed period in synchroniza- 
tion with the polarity inverting timing controlling 
signal. Therefore, polarity inverting process and 
polarity non-inverting process (in which inversion is 
not carried out) are carried out alternately in re- 
sponse to the polarity inverting timing controlling 
signal. The inverted or non-inverted video signal is 
applied to the segment driver 62. 

The segment driver 62 and the scan driver 63 
both operate in synchronization with the driver con- 
trolling signal. 

The scan driver 63 operates in synchronization 
with the driver controlling signal. Therefore, the 
scan driver 63 selects the N scan signal lines 65 
starting from the upper portion one line in every 
horizontal scanning period of the received video 
signal successively and repeatedly. 

Meanwhile, the segment driver 62 carries out 
the following operation in synchronization with the 
driver controlling signal. Namely, in every horizon- 
tal scanning period of the received video signal, it 
samples M signal voltages corresponding to each 
of the IV1 pixels of one row of the liquid crystal 



panel 61. out of the inputted video signals of one 
horizontal scanning period, and the sampled signal 
voltages are transferred and outputted to the cor- 
responding data signal line. It goes without saying 

5 that the switching means of each of the corre- 
sponding pixels must be ON when these M signal 
voltages are applied to liquid crystal of each of the 
pixels of the liquid crystal panel 61 through the 
corresponding data signal line. Therefore, each of 

10 the IVI signal voltages is applied to each of a row of 
pixel electrodes provided corresponding to the 
scan signal line selected by the scan driver 63 at 
that time. Consequently, video signals of i horizon- 
tal scanning period out of the received video sig- 

75 nals are reproduced by the row of pixels. (Mean- 
while, the selected scan signal line is successively 
shifted at every horizontal scanning period by the 
scan driver 63. The video signals inputted to the 
segment driver 62 are the signals provided by 

20 successive scanning of the screen in the horizontal 
direction in the transmitting side, which are serially 
continuous signals. Therefore, when the above de- 
scribed operation of the segment driver 62 is re- 
peated for N times, the received video signals of 1 

25 field provide an image display on the liquid crystal 
panel 61. 

Generally, when television images are transmit- 
ted, interlace scanning such as shown in Fig. 12 is 
carried out. Fig. 12 illustrates the interlace scan- 
30- ning. Referring to the figure, a television screen 71 
on which the images to be transmitted are dis- 
played is scanned along 2n - 1 scan lines in total 
represented by solid lines and dotted lines. The 
numbers (1 to 2n - 1) allotted to the scanning lines 
35 in the figure represent the order of scanning of the 
scanning lines in the actual scanning. In this man- 
ner, in actual scanning, the horizontal scan lines on 
the television screen 71 are not scanned one by 
one starting from the upper portion but every other 
40 scan lines (scan lines represented by solid lines in 
the figure) are scanned starting from the upper 
portion first, and thereafter, horizontal scan lines 
(represented by dotted lines) between the pre- 
viously scanned lines (solid lines) are scanned suc- 
45 cessively. Namely, one image plane, that is, 1 
frame is scanned by two times of scanning. Con- 
sequently, in the interlace scanning, video signals 
of 1 field formed by the second scanning are 
transmitted serially following the video signals of 1 
50 field formed by the first scanning. In order to 
accurately reproduce the original images from such 
video signals, the image reproducing process of 
the receiver receiving these signals should be as 
follows. Namely, rough images constituted by half 
55 of the scan lines of the receiving apparatus on a 
display screen of the receiver side must be formed 
based on the video signals provided by the first 
scanning of the transmitting side, and thereafter. 
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images constituted by the remaining half of scan 
lines must be formed based on the video signal 
provided by the second scanning of the transmit- 
ting side. On this occasion, when the second image 
reproduction is carried out. scanning is done be- 
tween each of the scan lines scanned during the 
first reproduction. Namely, the transmitted video 
signals of one image frame are reproduced by 
these two image reproduction processes. When the 
display device of the receiver is a CRT display, this 
method is employed in accordance with the NTSC 
(National Television System Committee) specifica- 
tion and the number of valid scan lines appearing 
on the screen is 440 to 480 in accordance with the 
NTSC specification. 

Now. in a receiver employing the liquid crystal 
display device, the number of scan lines, that is, 
the number of pixel rows is 220 to 240 (hereinafter 
this number is represented as Nh) at present. In 
addition, in the image reproduction process of such 
a receiver, the scan signal lines provided corre- 
sponding to said scan lines are successively se- 
lected one by one starting from the upper portion, 
and video signals are applied to the corresponding 
pixel rows. Therefore, there are the following prob- 
lems when video signals of the interlace specifica- 
tion are received by a receiver employing a con- 
ventional liquid crystal display device. 

Since the number of scan lines of the display 
device in the receiver side is half of the number of 
scan lines in the transmitting side, the positional 
relation between the received images (1 frame in 
the transmitting side) reproduced by two image 
reproduction processes differs from the original po- 
sitional relation scanned in the transmitting side. 
Fig. 13 shows the image reproduction process in a 
television receiver employing the currently avail- 
able liquid crystal display device. Description will 
be given in the following with reference to the 
figure, in which successive numbers are allotted to 
the scan lines starting from the upper portion of the 
screen. 

The correspondence between the video signals 
provided by scanning even numbered scan lines 
and provided by scanning odd numbered scan 
lines in the transmitting side and the scan lines on 
the display screen on the receiving side on which 
the signals are reproduced is as shown in the 
figure. Namely, video signals provided from each 
of the odd numbered scan lines Od of the transmit- 
ting side successively correspond to the scan lines 
82 on the display screen 81 in the first image 
reproduction in the receiving side. The video sig- 
nals provided from the even numbered scan lines 
Ev of the transmitting side successively correspond 
to the scan lines 82 on the display screen 81 in the 
second image reproduction. Therefore, the odd 
numbered scan lines Od and the even numbered 



scan lines Ev of the transmitting side, which should 
appear alternately on the receiving apparatus, over- 
lap with each other at the same position, as shown 
in the figure. Consequently, vertical resolution of 
5 the reproduced image in the receiving side is con- 
siderably inferior to that of the images (original 
images) of the transmitting side. In other words, 
although video signals are formed with high fidelity 
to the original images by scanning 440 to 480 
10 scanning lines, video signals of 1 field of the origi- 
nal images are reproduced by 220 to 240 scan 
lines in the receiving side, so that only rough 
images can be provided. In order to solve such a 
problem, the number of scan lines of the display 
;5 screen (liquid crystal panel) of the liquid crystal 
display device, that is, the number of scan signal 
lines, must be increased to be approximately the 
same as that of the CRT display. However, in the 
conventional liquid crystal technique, it was difficult 
20 to produce a liquid crystal display screen having so 
many scan signal lines, and even if such a liquid 
crystal display screen is produced, there were var- 
ious problem in driving the same. Recent develop- 
ment in the liquid crystal technique seems to en- 
25 able actual application of the above described liq- 
uid crystal display screen. However, the following 
problem is left unsolved when the number of scan 
signal lines on the display screen are simply in- 
creased than that of the conventional device. When 
30 the interlace scanning as in the CRT is to be 
simply carried out on the liquid crystal display 
device, the following method may be used. Name- 
ly, the conventional method in which scan signal 
lines are successively selected one by one from 
35 the upper portion in the conventional liquid crystal 
display device is changed such that every other 
scan signal lines are scanned first starting from the 
upper portion, and the scan signal lines not se- 
lected in the first scanning are selected in the 
40 second time, also starting from the upper portion. 
Namely, the odd numbered scan signal lines are 
successively selected according to the order, and 
the even numbered scan signal lines are succes- 
sively selected according to the order. However, in 
45 this method, there are always non-selected scan 
signal lines during scanning, and application of 
video signals are not carried out in the pixel elec- 
trodes corresponding to the non selected signal 
lines. Therefore, previously reproduced information 
50 are continuously displayed on the pixels corre- 
sponding to the non selected signal lines. When 
images with rapid movement are to be reproduced, 
accurate reproduction can not be expected. 

55 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is 
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to provide a liquid crystal display device realizing 
vertical resolution as high as that in a CRT display 
device. 

Another object of the present invention is to 
provide a liquid display device capable of display- 
ing images with less flickers. 

A further object of the present invention is to 
provide a liquid crystal display device capable of 
providing image display with superior vertical reso- 
lution and less flickers. 

The above described objects of the present 
invention can be attained by a liquid crystal display 
device of the present invention comprising: a con- 
verting circuit for time-compressing original video 
signals of the interlace specification to i/2 time 
period in every horizontal scanning period and for 
converting the original video signals into pseudo 
video signals by interpolating signals similar or the 
same as any of the compressed signals in the 
compressed signals; a liquid crystal panel having 
substantially the same number of scan signal lines 
as the number of valid scan lines of 1 frame of 
television signals and liquid crystal pixels arranged 
in a matrix of rows and columns; a scan driver 
operating at a frequency twice as much as the 
horizontal scanning frequency of the original video 
signals for driving by scanning the scan signal lines 
of said liquid crystal panel; and timing controlling 
circuit for making different the operation timing of 
the scan driver in a first field constituting 1 frame 
of the original video signals from the operation 
timing of the scan driver in a second field by 1/2 
time period of the horizontal scanning period of the 
original video signals. The liquid crystal display 
device in accordance with the present invention 
further comprises a segment driver for driving the 
liquid crystal pixels in a frequency cycle twice that 
of the horizontal scanning frequency of the original 
video signals, responsive to the pseudo video sig- 
nals. 

Since the liquid crystal display device of the 
present invention is structured as described above, 
the original video signals display images on every 
other pixel rows shifted by 1 row of pixel between 
the first and second fields, with the interpolating 
signals interpolated in the row of pixels to which 
the original video signals are applied. Therefore, in 
the liquid crystal display device in accordance with 
the present invention, the video signals of 1 frame 
of the transmitting side can be received and repro- 
duce images in the original positional relation, 
whereby display with high resolution can be re- 
alized. 

In accordance with a preferred embodiment, 
the original video signals are analog signals, and 
the converting circuit comprises: an A/D converter 
for converting the original video signals to digital 
signals; a memory for storing digital signals con- 



verted by the A/D converter by every horizontal 
scanning period with the data reading speed con- 
trolled such that the digital signals of one horizontal 
scanning period are continuously read twice in one 
5 horizontal scanning period: an inverting circuit for 
inverting polarity of the digital signals read from the 
memory in every 1/2 horizontal scanning period; 
and a D/A converter for converting the digital sig- 
nals outputted from the inverting circuit into analog 
w signals. 

According to a more preferred embodiment, 
the converting circuit comprises a bit inverter for 
inverting polarity of each bit of the data read from 
the memory and a switching circuit, and is al- 
;5 ternately adapted to apply outputs from the mem- 
ory and the outputs from the bit inverter to the D/A 
converter in every 1/2 horizontal scanning period 
by using the switching circuit. 

In accordance with another aspect, the liquid 
20 crystal display device in accordance with the 
present invention drives liquid crystal pixels in re- 
sponse to original video signals of the interlace 
specification, which comprises a liquid crystal pan- 
el including substantially the same number of scan 
25 signal lines arranged in one direction as the num- 
ber of valid scan lines of 1 frame of television 
signals and liquid crystal pixels arranged in a ma- 
trix of rows and columns; a scan signal line driving 
circuit for successively driving pairs of adjacent 
30 scan signal lines in. a first combination in a first 
field of the first and second fields constituting 1 
frame and for successively driving pairs of adjacent 
scan signal lines which are different from the said 
pairs in the second field; and a pixel driving circuit 
35 driving liquid crystal pixels connected to the scan 
signal lines driven by the scan signal line driving 
circuit, in response to the original video signals. By 
the scan signal line driving circuit, the combination 
of the scan signal lines simultaneously driven in the 
40 first field is shifted from the combination of the 
scan signal lines simultaneously driven in the sec- 
ond field by 1 scan signal line. Therefore, the 
position on the liquid crystal panel on which im- 
ages are displayed in the first field is shifted from 
45 the position on the liquid crystal panel on which 
images are displayed in the second field by one 
row. Consequently, image display equivalent to that 
of interlace scanning for the CRT display is re- 
alized on the liquid crystal panel. 
50 In accordance with a preferred embodiment, 

the scan signal line driving circuit comprises a first 
scan driver connected to the odd-numbered scan 
signal lines for successively driving by scanning 
these signal lines one by one; a second scan driver 
55 connected to the even numbered scan signal lines 
for successively driving by scanning these signal 
lines one by one: and a controlling circuit for si- 
multaneously starting the operations of the first and 
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second scan drivers in the first field and for making 
different the operation start timing of the first scan 
driver from that of the second scan driver in the 
second field by l horizontal scanning period. 

In accordance with a more preferred embodi- 
ment, the pixel driving circuit comprises an invert- 
ing circuit for inverting polarities of the original 
video signals in every field and in every horizontal 
scanning period, and a circuit portion for applying 
the outputs from the inverting circuit to the liquid 
crystal pixels connected to the scan signal lines 
driven by the scan signal line driving circuit. 

Since the pixel driving circuit is structured as 
described above, the polarities of the signal vol- 
tages applied to each row of pixels are inverted in 
every frame, and the timing of polarity inversion of 
the signal voltages applied to one row of pixels is 
shifted by one field period. Therefore, although the 
fluctuation frequency of the intensity of the liquid 
crystal transmitted light of 1 row of pixels is 15 Hz. 
the intensity of the' liquid crystal transmitted light of 
a plurality of rows of pixels becomes 60 Hz, where- 
by flickers are hardly recognized in the images 
displayed on the panel. 

In a more preferred embodiment, the inverting 
circuit comprises: a polarity inverting circuit for 
inverting polarities of the input signals; a separating 
and extracting circuit for separating and extracting 
horizontal synchronizing signals and vertical syn- 
chronizing signals out of composite synchronizing 
signals including the horizontal and vertical syn- 
chronizing signals, corresponding to the original 
video signals; a first forming circuit for forming a 
first signal with the polarity inverted at every hori- 
zontal period by dividing the horizontal synchroniz- 
ing signal separated and extracted by the separat- 
ing and extracting circuit; a second forming circuit 
for forming a second signal with the polarity in- 
verted at every frame period by dividing the verti- 
cal synchronizing signals separated and extracted 
by the separating and extracting circuit by 2; a 
third forming circuit for forming a third signal with 
the polarity inverted at every horizontal scanning 
period and at every frame period based on the first 
signal formed by the first forming circuit and on the 
second signal formed by the second forming cir- 
cuit; and a controlling circuit for controlling the 
timing of inversion of the polarity in the polarity 
inverting circuit based on the third signal formed 
by the third forming circuit. 

The first forming circuit is formed of a flipflop 
circuit, and the second forming circuit is formed of 
a first flipflop circuit for dividing once the vertical 
synchronizing signal and a second flipflop circuit 
for further dividing, once, the vertical synchronizing 
signal divided by the first flipflop circuit, respec- 
tively. 

In accordance with the liquid crystal display 



device of the present invention, images can be 
reproduced with superior vertical resolution and 
less flickers compared with the prior art. from the 
television signals formed in accordance with the 

5 interlace scanning method. In addition, in the for- 
mer mentioned liquid crystal display device, it is 
possible to provide reproduced images having 
higher resolution than the CRT display by making 
some changes in interpolating signals inserted cor- 

jo responding to the movement of images and so on. 

The foregoing and other objects, features, as- 
pects and advantages of the present invention will 
become more apparent from the following detailed 
description of the present invention when taken in 

75 conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1A shows a whole structure of a liquid 

crystal display device in accordance with one em- 
bodiment of the present invention; 

Fig. IB is a plan view showing a structure of 
a liquid crystal panel shown in Fig. lA; 
25 Fig. 2A is a diagram of waveform of an 

original video signal; 

Fig, 2B is a diagram of waveform of a video 
signal after scan conversion; 

Figs. 3A and 3B are time charts of selecting 
30 signals provided to scan signal lines in the liquid 
crystal display device shown in Fig. lA; 

Fig. 4 shows correspondence between the 
scan lines on the screen of the liquid crystal dis- 
play device of the said embodiment and the scan 
35 lines on the screen of the transmitting side; 

Fig. 5A is a diagram showing a whole struc- 
ture of the liquid crystal display device more spe- 
cifically showing the embodiment of the present 
invention; 

40 Fig. SB is a plan view showing a structure of 

a liquid crystal panel shown in Fig. 5A; 

Fig. 6A is a diagram of a whole structure of 
a liquid crystal display device in accordance with 
another embodiment of the present invention; 
45 Fig. 6B shows connection between scan sig- 

nal lines and a scan driver of Fig, 6A; 

Fig. 6C is a plan view showing a structure of 
a liquid crystal panel shown in Fig. 6A; 

Figs. 7A and 7B are output signal time 
50 charts of the scan driver shown in Fig. 6A in odd 
field and even field; 

Figs. 9A and 9B show time transition of the 
polarities of the voltages applied to respective pix- 
els in the liquid crystal display device of the said 
55 another embodiment of the present invention; 

Fig. 10 shows a structure of a reference 
signal generating circuit included in the timing con- 
trol circuit of Fig. 6A; 
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Fig, 11 A shows an example of a whole struc- 
ture of a conventional liquid crystal display device; 

Fig. lib is a plan view showing a structure 
of a liquid crystal panel shown in Fig. 1 1A; 

Fig, 12 illustrate interlace scanning; and 

Fig. 13 shows correspondence between the 
scan lines on the screen of the conventional liquid 
crystal display device and the scan lines on the 
screen of the transmitting side. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1A is a schematic block diagram of a 
liquid crystal display device showing one embodi- 
ment of the present invention. Referring to the 
figure, the liquid crystal display device comprises, 
as in the prior art. a liquid crystal panel 1. a scan 
driver 3, a segment driver 2. a timing control circuit 
9 and a polarity inverting circuit 8. Basic functions 
of these components are the same as in the con- 
ventional liquid crystal display device. However, 
unlike the conventional device, the number of scan 
signal lines on the liquid crystal panel 1 corre- 
sponds to the number of valid scanning lines of 1 
frame in accordance with the NTSC specification 
(440 to 480, this number will be represented as Np 
in the following). 

Fig. 1 B is a partial schematic diagram showing 
the structure of the liquid crystal panel 1. Referring 
to the figure, the liquid crystal panel comprises M 
data signal lines 4 arranged in parallel to each 
other in the vertical direction, and Np (Np 2Nh) of 
scan signal lines 5. the number of which is twice 
that of the conventional device, arranged in parallel 
to each other in the horizontal direction. As in the 
conventional device, the liquid crystal panel com- 
prises a pixel electrode 7 and the switching means 
6 for each pixel surrounded by the data signal line 
4 and the scan signal line 5. 

Unlike the conventional device, the scan driver 
3 and the segment driver 2 drive these lines at 1/2 
period of the horizontal scanning period of the 
received video signals (hereinafter the received vid- 
eo signals are called as original video signals). 
Unlike the conventional device, the liquid crystal 
display device further comprises a scan converting 
circuit 14. The timing control circuit 9 outputs a 
driver controlling signal for driving the scan driver 3 
and the segment driver 2 in the above described 
period, and a signal for controlling the operation 
timing of the scan converting circuit 14. 

The scan converting circuit 14 time-compress- 
es the original video signals to 1/2 in synchroniza- 
tion with the scan converting timing signal from the 
timing control circuit 9. 

As in the conventional device, the original vid- 
eo signals have the synchronizing signals included 



therein. The original video signals having the syn- 
chronizing signals are applied to the polarity invert- 
ing circuit 8 through the scan converting circuit 14 
unlike the conventional device. The synchronizing 
5 signals are applied to the timing control circuit 9 as 
in the conventional device. 

In the timing control circuit 9, the driver control 
signal for driving the scan driver 3 and the seg- 
ment driver 2, the polarity inverting timing control 
10 signal for driving the polarity inverting circuit and a 
scan converting timing controlling signal for driving 
the scan converting circuit 14 are formed from the 
inputted synchronizing signals to be outputted. The 
polarity inverting timing control signal is a clock 
75 signal having 1/2 period of the horizontal scanning 
period of the original video signals, and the scan 
converting timing control signal is a clock signal 
having the same period as the horizontal scanning 
period of the original video signals. 
20 The scan converting circuit 14 operates in syn- 

chronization with the scan converting timing control 
signal from the timing control circuit 9, Therefore, 
the inputted original video signals are time-com- 
pressed to 1/2 in every horizontal scanning period. 
25 Fig. 2A is a diagram of waveform of the video 
signal inputted to the scan converting circuit 14, 
and Fig. 28 is a diagram of waveform of a video 
signal (hereinafter referred to as pseudo video sig- 
nal) outputted from the scan convening circuit 14 
30 after scan conversion. Referring to the figure, the 
reference character H represents the horizontal 
scanning period of the original video signal. As 
shown in the figure, the inputted original video 
signal (Fig. 2A) is time-compressed to 1/2 in every 
35 horizontal scanning period H, ^ so that the signal 
waveforms' of A-A , B-s', C-C'. ... of the original 
video signal (Fig. 2A) are compressed to 1/2 so as 
to be converted to the signal waveforms of a-a . b- 
b'. c-c', ... in Fig. 2B, respectively. In the outputted 
40 video signal (Fig. 2B), a signal which is the same 
as or similar to one of the adjacent signals.of a-a , 
b-b', c-c' ... is inserted as an interpolating signal. 
The width of the interpolating signal is also half the 
horizontal scanning period H of the original video 
45 signal, namely, 1/2 H. Formation of such interpolat- 
ing signal can be carried out in accordance with a 
known technique. 

Then, the video signal scan-converted in the 
scan converting circuit 14 as described above, that 
50 is, the pseudo video signal is inputted to the polar- 
ity inverting circuit 8. The polarity inverting circuit 8 
inverts the polarity of the inputted pseudo video 
signal in synchronization with the polarity inverting 
timing control signal from the timing control circuit 
55 9. Therefore, the inputted pseudo video signal has 
its polarity inverted in every horizontal scanning 
period, H/2. Namely, in every horizontal scanning 
period of the pseudo video signal, that is, H/2. 
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polarity inverting process and polarity non-inverting 
process are alternately carried out on the inputted 
pseudo video signal. The pseudo video signal sub- 
jected to such processes in the polarity inverting 
circuit 8 is applied to the segment driver 2. 

The segment driver 2 and the scan driver 3 
both operate in synchronization with the driver con- 
trolling signal from the timing control circuit 9. 

The scan driver 3 carries out the same opera- 
tion as in the conventional device in synchroniza- 
tion with the driver control signal. Namely, the scan 
driver 3 successively select one scan signal line 
out of the connected Nf scan signal lines 5 starting 
from the upper portion at every horizontal scanning 
period of the pseudo video signal, i.e. H/2. 

The segment driver 2 carries out the same 
operation as in the conventional device in synchro- 
nization with the driver control signal. Namely, at 
every H/2 of the pseudo video signal, it samples M 
signal voltages out of the pseudo video signals of 
the H/2 period and transfers and outputs the sam- 
pled voltages to the corresponding data signal 
lines. M signal voltages are applied to respective 
pixel electrodes provided corresponding to the 
scan signal lines selected by the scan driver 3 at 
that time. 

Since the original video signal is provided by 
interlace scanning, the original video signals of 1 
field in the transmitting side are applied to the 
liquid crystal panel 1 when the above described 
operation of the segment driver 2 is repeated for 
Nf times. Consequently, the interpolatirig signals 
(Fig. 2B) inserted between a-a , b-b , c-c . ... of the 
pseudo video signals (Fig. 2B) of 1 field are ap- 
plied to either the even numbered or odd num- 
bered rows of pixels on the liquid crystal panel 1 . 

Description will be given in the following on the 
operation when the pseudo video signals inputted 
to the segment driver 2 are of the next 1 field of 
the original video signals. 

At that time, the operation of the scan driver 3 
is started shifted by the horizontal scanning period 
of the pseudo video signal, that is. H/2. Conse- 
quently, the scan signal lines positioned between 
the scan signal lines selected for reproducing im- 
ages from the original video signals of the preced- 
ing 1 field are selected for reproducing images 
from the original video signals of this 1 field. 
Namely, the scan signal lines selected when the 
interpolating signals inserted between original video 
signals of the preceding 1 field reproduce images 
are replaced by the scan signal lines selected 
when the interpolating signals inserted between the 
original video signals of this 1 field reproduce im- 
ages. Namely, the rows of pixels on which the 
interpolating signals of this time reproduce images 
are different from the rows on which the interpolat- 
ing signals reproduce images when the original 



video signals of the preceding 1 field reproduce 
images. Fig. 4 shows the image reproducing pro- 
cess of the present embodiment. The correspon- 
dence between the original video signals formed 
5 by scanning the odd numbered scan tines and the 
original video signals formed by scanning even- 
numbered scan lines and the scan lines on the 
display screen of the receiving side on which they 
reproduce images is as shown in the figure. Refer- 
w ring to the figure, the reference character repr- 
esents the rows of pixels, to which interpolating 
signals inserted between the original video signals 
by the scan converting circuit 14 on a receiving 
side, are provided. Namely, the original video sig- 
;5 nals provided by the odd numbered scan lines Od 
of the transmitting side and the interpolating sig- 
nals therebetween alternately correspond to re- 
spective scan lines 22 of the display screen 21 on 
the receiving side. The original video signals pro- 
20 vided from the even numbered scan lines Ev on 
the transmitting side and the interpolating signals 
interposed therebetween alternately correspond to 
scan lines 22 of the display screen 21 on the 
receiving side. However, unlike the conventional 
25 device, the scan lines on the screen of the receiv- 
ing side corresponding to the former original video 
signals do not overlap with the scan lines on the 
screen of the receiving side corresponding to the 
latter original video signals. Namely, positions on 
30 the liquid crystal panel 1 where each of the original 
video signals of 2 fields constituting 1 frame in the 
transmitting side coincide with those of the CRT 
display on which interlace scanning is carried out. 
As described above, the reproduced images are 
35 the same as those provided by receivers employ- 
ing CRT displays, and thus approximately the 
same vertical resolution can be realized. 

In the present embodiment, the polarity invert- 
ing circuit 8 inverts the inputted video signals at 
40 every horizontal scanning period H/2 of the con- 
verted video signals. This is for applying alternating 
voltage to the liquid crystal as in the conventional 
device and for preventing flickers, the effect of 
which will be described in the following. Generally. 
45 if there is, even a little, difference between the 
absolute values of the voltages of the positive and 
negative polarities applied to the liquid crystal, the 
intensity of light transmitted through the liquid cry- 
stal fluctuates in the period of 30 Hz. which is the 
50 frame frequency. Therefore, if the light intensity 
fluctuation of alt pixels are of the same phase, the 
light intensity fluctuations of the pixels are em- 
phasized by each other, so that flickers are gen- 
erated on the screen constituted by these pixels. 
55 However, in the present embodiment, the polarity 
of the pseudo video signal is inverted at every 
horizontal period of the pseudo video signal, so 
that the polarities of the voltages applied to adja- 
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cent two rows of pixels on the liquid crystal panel 1 
are opposite to each other. Therefore, the phase 
change with time of the voltages applied to the 
rows of the pixels is inverted in every row. This 
means that the time fluctuation of the intensity of 
light transmitted through liquid crystal of respective 
rows of pixels, that is. characteristics of the fluc- 
tuation of light intensity with time become opposite 
to each other in adjacent rows of pixels. Therefore, 
the fluctuation of light intensity of the rows of pixels 
are offset, and therefore, flickers are hardly recog- 
nized on the reproduced images on the liquid cry- 
stal panel 1 formed of a plurality of pixels. 

Fig. 5A is a schematic block diagram of a 
liquid crystal display device showing a specific 
example of this embodiment. Description will be 
given in the following with reference to the figure. 
In this example, the transmitted video signals are 
color television signals including luminance signals 
indicating luminance of pixels and color signals 
indicating colors of pixels. In the receiver, the color 
signals and the luminance signals are once sepa- 
rated from each other, necessary processes are 
carried out on these signals, and RGB signals 
which are the final video signals necessary for 
image reproduction are formed therefrom. Three 
signals which are the primary elements of color are 
collectively called as a RGB signal. A series of 
processes described below on the RGB signal are 
carried out on all of these three signals. 

In the liquid crystal display device, the liquid 
crystal panel is formed of glass plates 31 and 32 
and a liquid crystal layer (not shown) provided 
therebetween. Fig. SB is a partial plan view show- 
ing surface structure of the glass plate 31. Refer- 
ring to the figure, the glass plate 31 has on its 
surface Hp scan signal lines 36 in accordance with 
the number of valid scan lines of 1 frame of televi- 
sion signals arranged in parallel to each other in 
the horizontal direction and M data signal lines 35 
provided in parallel to each other in the vertical 
direction. A TFT (Thin Film Transistor) 37 is used 
as the switching means provided for each pixel 
electrode 38. On the glass plate 32, electrodes (not 
shown) opposing to the pixel electrodes 38 pro- 
vided for each of the pixels are formed, and pre- 
scribed opposing signal potential is applied to the 
opposing electrodes through opposing signal tines 
54. 

The digital circuit 39 is for carrying out scan 
conversion and polarity inversion described with 
reference to the former embodiment, on the re- 
ceived video signals. 

The segment driver 33 and the scan driver 34 
has the same function as described in the fore- 
going. 

The timing control circuit 45 governs all the 
operations of the above mentioned functional por- 



tions, and it has the following functions. Namely, it 
receives composite synchronizing signals 
(including various synchronizing signals of horizon- 
tal and vertical synchronizing signals) separated 
5 from the received video signals and. correspond- 
ingly, it forms and outputs a sample start signal for 
starting a series of sampling operation, a sample 
clock signal for carrying one sampling operation, 
and an output transferring signal for internally 
w transferring and outputting sample signal voltages 
to corresponding data signal lines in the segment 
driver 33; a scan driver clock signal for selecting 
one scan signal line, and a shift register start signal 
for carrying out an operation for selecting scan 
15 signal lines one by one successively from the 
upper portion in the scan driver 34; and a digital 
circuit controlling signal for carrying out prescribed 
scan conversion and polarity inversion in the digital 
circuit 39. More specifically, the sample start sig- 
20 nal. the output transfer signal and the scan driver 
clock signal are clock signals having 1/2 period of 
the horizontal scanning period of the original video 
signals. In addition, the shift register start signal 
has a pulse waveform shifted by 1/2 of the horizon- 
25 tal scanning period of the original video signal in 2 
fields, when images of 2 fields constituting 1 frame 
of the transmitting side are reproduced by the 
liquid crystal display device. 

A video amplifier 44 is for amplifying video 
30 signals processes by the digital circuit 39. namely, 
the pseudo video signals to a prescribed level to 
apply the same to the segment driver 33. 

The digital circuit 39 comprises an AID con- 
verter 40 for converting the received analog video 
35 signals into digital video signals; a memory portion 
41 for storing the video signals which were con- 
verted into digital signals by the A/D converter 40; 
a bit inverter 42 for inverting polarity of the digital 
video signals read from the memory portion 41 ; an 
40 D/A converter 43 for converting the inputted digital 
video signals into analog video signals; and a 
switching circuit 46. Timing of reading the digital 
video signals from the memory portion 41 and the 
operation timing of the switching circuit 46 are 
45 controlled by a timing control signal from the tim- 
ing control circuit 45. When digital video signals 
are read from the memory portion 41. signals of l 
horizontal scanning period of the original video 
signals are successively read twice. 
50 The operation of the liquid crystal display de- 

vice will be described in the following. 

The composite synchronizing signals separated 
from the received video signals are applied to the 
timing control circuit 45. and the RGB signals 
55 (hereinafter referred to as the original RGB signal 
corresponding to the original video signal) are in- 
putted to the A/'D converter 40 in the digital circuit 
39. 
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The timing control circuit 45 forms control sig- 
nals as described above and outputs the same to 
the prescribed functional portions in response to 
the inputted composite synchronizing signals. 

The A;'D converter 40 converts the inputted 
original RGB signals into digital signals and applies 
these signals of each horizontal scanning period to 
the memory portion 41. In this manner, the digitiz- 
ed original RGB signals are written in the memory 
portion 41. The RGB signals of 1 horizontal scan- 
ning period written in the memory portion 41 are 
successively read twice at a speed twice as fast as 
that of writing in response to the timing control 
signal, which is the digital circuit controlling signal, 
from the timing control circuit 45. Consequently, 
the read signals of 1 horizontal scanning period are 
compressed to 1/2 in time, and the same signals 
as the above mentioned compressed signals are 
included in the horizontal scanning period H of the 
original RGB signals (see Fig. 2B). The signals 
provided in this manner will be called pseudo RGB 
signals, compared with the original RGB signals. 
Namely, in the present embodiment, the interpolat- 
ing signal is the same as the adjacent video signal. 

The switching circuit 46 switches connection 
such that output from the bit inverter 42 and the 
output from the memory portion 41 are alternately 
applied to the D/A converter 43 in the period of 
H/2, that is. half of the horizontal scanning period of 
the original RGB signals, in response to the digital 
circuit controlling signal. Consequently, the polarity 
of the pseudo RGB signal is inverted in every 
horizontal period of the pseudo RGB signal, i.e. 
H/2. In this manner, the pseudo RGB signals sub- 
jected to the inverting process or the non-inverting 
process are converted into analog signals by the 
D/A converter 43 and thereafter inputted to the 
video amplifier 44. The video amplifier 44 amplifies 
the inputted pseudo RGB signals to a prescribed 
level to apply the same to the segment driver 33. 

The scan driver 34 starts the following opera- 
tion in synchronization with the shift register start 
signal from the timing control circuit 45. Namely, it 
successively selects 2Nf scan signal lines starting 
from upper portion to the lower portion one by one 
in synchronization with the scan driver clock signal 
from the timing control circuit 45 connected there- 
to. For this purpose, it applies a high voltage of a 
constant level as a selecting signal successively 
from the first scan signal line to the Np scan signal 
line for the horizontal scanning period H/2 of the 
pseudo RGB signal. This voltage is applied to the 
gate of each of the M transistors provided cor- 
responding to one row of pixel electrodes on the 
glass plate 31 constituting the liquid crystal panel, 
to turn the gate ON. However, the shift register 
start signal for reproducing images based on the 
original RGB signals formed by scanning odd num- 



bered scan lines in the transmitting side 
(hereinafter referred to as the odd field time) is 
shifted by the horizontal scanning period of the 
pseudo RGB signal, that is. H/2 from that for re- 
5 producing images based on original RGB signals 
formed by scanning the even numbered the scan 
lines in the transmitting side (hereinafter referred to 
as the even field time). 

Fig. 3A shows time charts of the selecting 
10 signals applied to respective scan signal lines in 
the odd filed time, and Fig. 3B shows time charts 
of selecting signals applied to respective scan sig- 
nal lines in the even field time. For reference, time 
chart of the horizontal scanning signal (H. Sync) of 
75 the original RGB signal is shown in the figure. 
Referring to the figure, selecting signals OGl. 0G3. 
0G5 ... applied to the respective odd numbered 
scan signal lines are alt outputted in the former half 
of the horizontal scanning period H of the original 
20 RGB signal in the odd field time, and outputted in 
the latter half of the horizontal scanning period H of 
the original RGB signal in the even field time. The 
selecting signals 0G2. 0G4. 0G6 ... applied to the 
respective even numbered scan signal lines are all 
25 outputted in the latter half of the horizontal scan- 
ning period H of the original RGB signal in the odd 
field time, and outputted in the former half of the 
horizontal scanning period H of the original RGB 
signal in the even field time. Therefore, the time in 
30 which the same scan signal line is selected in the 
even field is shifted by H/2 from that in the odd 
field time. 

Meanwhile, the segment driver 33 starts the 
following operation in synchronization with the sam- 
35 pie start signal from the timing control circuit 45. 
Namely, it samples M signal voltages from the 
inputted pseudo RGB signals of the horizontal 
scanning period H/2 in synchronization with the 
sample clock signal from the timing control circuit 
40 45. Thereafter, in response to the output transfer 
signal from the timing control circuit 45. it transfers 
and outputs the sampled signal voltages to re- 
spective corresponding signal lines. Therefore, at 
this time, M signal voltages are applied to the pixel 
45 electrodes on the liquid crystal panel 31 provided 
corresponding to the scan signal lines selected by 
the scan driver 34. By the repetition of this opera- 
tion for Nf X 2. that is. 2Nf, the video signals of the 
odd field and the video signals of the even field in 
50 the transmitting side reproduce images on the 
proper positions on the liquid crystal panel 1 on the 
receiving side. 

Although polarity inversion is carried out on the 
digitized video signals in the present embodiment. 
55 polarity inversion can be carried out on video sig- 
nal as analog signals. Although the same video 
signal as the adjacent video signal is used as an 
interpolating signal in the pseudo video signals, the 
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following method may be used in accordance with 
the known technique. For example, the video signal 
of the preceding field and the video signal of the 
present field are taken selectively as interpolating 
signals in accordance with the movement of the 
image. By doing so, the vertical resolution of the 
reproduced image can be further improved. In ad- 
dition, when the image transmitted is a static im- 
age, this provides significant effect. 

Although the series of scan converting pro- 
cesses on the original video signals are carried out 
on the RGB signals in the present embodiment, the 
said series of scan converting processes may be 
done on the luminance signals and the color dif- 
ference signals. 

Fig. 6A is a diagram showing a structure of a 
liquid crystal display device in accordance with 
another embodiment of the present invention. 

Referring to Fig. 6A. the liquid crystal display 
device has a liquid crystal panel of the same 
structure as the liquid crystal panel in the specific 
example of the above described embodiment. 
Namely, the liquid crystal panel of the liquid crystal 
display device comprises: a TFT side glass plate 

31 on which formed are TFTs 37 used as switching 
elements for switching each of the pixel, pixel 
electrodes 38 for applying voltages to the pixels, 
Np scan signal lines 80 each connected to the gate 
electrode of each TFT 37 and M data signal lines 
70 each connected to the source electrode of each 
of the TFTs 37; a porous electrode side glass plate 

32 on which electrodes (not shown) opposing to 
the pixel electrodes 38 are formed; and a liquid 
crystal layer (not shown) formed between these 
plates. The state of the liquid crystal is changed 
dependent on the voltage applied to the pixel elec- 
trode 38 and to the opposing electrode formed on 
the glass plate 32 on the opposing electrode side, 
whereby the amount of light transmitted thereth- 
rough is controlled. 

Now, when the voltage level of a scan signal 
line 80 attains high enough, the TFT 37 connected 
to the scan signal line 80 is turned ON, whereby 
current flows between the source electrode and the 
drain electrode, so that charges are stored in the 
pixel electrode 38. Thereafter, when the voltage 
level of the scan signal line 80 returns to the 
original low value, the TFT 37 is turned OFF. the 
source • drain becomes a higher resistance, so 
that the charges stored in the pixel electrode 38 
are held as they are. Voltage difference between 
the potential of the pixel electrode and the oppos- 
ing signal potential applied to the opposing elec- 
trode from the opposing signal line 54 is applied to 
the liquid crystal layer until the TFT 37 is again 
turned ON. Images are displayed on the liquid 
crystal panel 1 by the repetition of this operation 
successively in the vertical direction. 



A liquid crystal display device of this embodi- 
ment further comprises two scan drivers 50 and 60 
driving the scan signal lines 80. segment drivers 30 
and 40 for driving the data signal lines 70, a 
5 polarity inverting circuit 110 and a timing control 
circuit 120. Different from the above described 
embodiment, the Np scan signal lines 80 are taken 
to the left and right sides alternately one by one as 
shown in Fig. 6B to be connected to two different 
10 scan drivers 50 and 60, in the liquid crystal display 
device. The scan drivers 50 and 60 output signals 
in accordance with simple shift register operation. 
The scan driver 50 is connected to Nf;2 scan 
signal lines 80 which are the odd numbered ones 
15 counted from the upper portion of the liquid crystal 
panel l to drive the same. The scan driver 60 is 
connected to Nf/2 scan signal lines 80 which are 
the even numbered ones to drive the same. In the 
following, the scan drivers 50 and 60 are referred 
20 to as odd driver and even driver. These two drivers 
start operation simultaneously in one of the 2 fields 
constituting 1 frame, and in the other field, the 
even driver 60 starts operation delayed by 1 hori- 
zontal scanning period H from the odd driver 50. 
25 Consequently, the selecting signals OGi. 0G2, ... 
applied to each of the scan signal lines in the liquid 
crystal panel 1 are as shown in Fig. 7A in one field, 
and they are as shown in Fig. 7B in the other field. 
Let us assume as an example, that the oper- 
30 ations of the scan drivers 50 and 60 are started 
simultaneously in the odd field and the operation of 
the even driver 60 is started delayed by one hori- 
zontal scanning period H from the operation of the 
odd driver 50 in the even field. In that case, in the 
35 odd field, selecting signals are simultaneously ap- 
plied to the first and second scan signal lines in the 
first horizontal scanning period, and video signals 
are applied from the segment driver 30 or 40 to 
two rows of pixels through TFTs 37 connected to 
40 both signal lines. In the next horizontal scanning 
period, the third and fourth scan signal lines are 
simultaneously selected, and in the second next 
horizontal scanning period, the fifth and the sixth 
scan signal lines are simultaneously selected, and 
45 thereafter these two scan signal lines are succes- 
sively selected (scanned), so that all scan signal 
lines 80 are scanned in the period of 1 field. 
Meanwhile, in the even field, selecting signals are 
applied to two scan signal lines 80 simultaneously. 
50 but the combination of the two lines is different 
from that in the odd field. Namely, in the first 
horizontal scanning period, the selecting signal is 
applied only to the first scan signal line, in the next 
horizontal scanning period, the second and the 
55 third signal lines are selected, and in the second 
next horizontal scanning period, the fourth and the 
fifth scanning signal lines are selected, and in this 
manner, alt scan signal lines 80 are scanned in the 
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period of 1 fieid. 

When the scan signal lines 80 are selected in 
this manner, video signals display images on the 
rows of pixels 22 on the liquid crystal panel l with 
the positional relation between the original video 
signals being as shown in Fig. 8. Namely, in the 
receiving side, the original video signals provided 
from the odd numbered scan lines Od in the trans- 
mitting side display images at positions shifted by 
one row of pixels from the original video signals 
provided from the even numbered scan lines Ev in 
the transmitting side. In other words, the display by 
the original video signals is shifted from the even 
field by one row of pixels in the even field, so that 
display is provided on rows of pixels between 
those pixels on which images are displayed in the 
odd field. Therefore, display similar to that in the 
interlace system can be provided. 

The segment drivers 30 and 40 receive video 
signals from the polarity inverting circuit 110 and 
repeat operations such as sampling, internal trans- 
fer and output in synchronization with the horizontal 
scanning period H of the received video signals, as 
in the conventional liquid crystal display device. 

In this embodiment, the two segment drivers 
30 and 40 are separately provided on the upper 
and lower sides of the liquid crystal panel 1. and 
each of the data signal lines 70 is connected to 
either the upper or lower segment driver. However, 
a single segment driver may be provided on one 
side as in the former embodiment, with all the data 
signal lines taken to one side to be connected to 
the segment driver. 

In the present embodiment, since the scan 
signal lines are driven in the above described man- 
ner, the polarity of the voltage applied to the liquid 
crystal of each pixel can not be inverted in every 1 
field period (1/60 sec), when the polarity of the 
video signals are inverted by every horizontal scan- 
ning period H as in the conventional device in the 
polarity inverting circuit 110. More specifically, in 
the present embodiment, the same video signals 
are written to two rows of pixels (referred to as a 
pixel row 1 and a pixel row 2 for convenience) 
corresponding to the two scan signal lines simulta- 
neously selected in the first field, and in the next 
field, the timing of writing video signals to the pixel 
row 1 and to the pixel row 2 constituting the two 
rows of pixels is Shifted by one horizontal scanning 
period. Therefore, video signals of opposite polarit- 
ies are inevitably written to the pixel row 1 and the 
pixel row 2. Therefore, signals of either positive or 
negative polarity are continuously written for 2 field 
periods in either the pixel row 1 or the pixel row 2. 

Accordingly, in the present embodiment, the 
polarity of the applied video signals are inverted in 
every 2 field periods (1 frame period) and inverted 
in every 1 horizontal scanning period H to output 



the signals to the data signal line 70 in the polarity 
inverting circuit 110. unlike the conventional device. 
Therefore, time transition of polarities of the signal 
voltages applied to the liquid crystal corresponding 

5 to respective rows of pixels will be as shown in Fig. 
9A or 9B. Which of the patterns shown in Figs. 9A 
and 9B is selected depends on the structure of the 
polarity inverting circuit 110. As shown in Figs. 9A 
and 9B, the polarity of the signal voltage applied to 

JO each row of pixels is inverted in every 2 field 
periods, and the timing of inverting the polarity of 
the signal voltage is shifted from that of the adja- 
cent row of pixels in every 1 field period. There- 
fore, in the present embodiment, although the time 

;5 fluctuation of the intensity of light transmitted 
through each pixel is 15 Hz. there are light intensity 
fluctuations of four different phases with the phase 
shifted by 90* from each other when a plurality of 
rows of pixels are viewed at one time. Therefore, 

20 the fluctuations off set each other. Consequently, 
the basic frequency of the light intensity fluctu- 
ations becomes 60 Hz. so that flickers are hardly 
recognized. 

The timing control circuit 120 controls the seg- 
25 ment drivers 30 and 40 through a segment driver 
control signal line 150. the scan drivers 50 and 60 
through a scan driver controlling signal line 160 
and the polarity inverting circuit 110 through a 
polarity inverting timing control signal line 170. so 
30 that they operate in the above described manner. 

Fig. 10 shows an example of a reference signal 
generating circuit for carrying out polarity inversion 
of the data signals. This circuit is included in the 
timing control signal generating circuit 120 of Fig. 
35 6A. This circuit outputs an inverted reference signal 
to the polarity inverting timing control signal line 
170 for controlling the operation of the polarity 
inverting circuit 110. A synchronizing separating 
circuit 210 receives a composite synchronizing sig- 
40 nal as an input, and outputs a horizontal synchro- 
nizing signal to a horizontal synchronizing signal 
line 260, a vertical synchronizing signal to a vertical 
synchronizing signal line 270 and a field signal for 
determining odd/even field to a field signal line 
45 280, respectively. A flipflop 220 divides the hori- 
zontal synchronizing signal for outputting signals 
with the polarity inverted in every horizontal scan- 
ning period- The flipflops 230 and 240 each divides 
the vertical synchronizing signal for one time. Con- 
so sequently. the flipflop 240 outputs a signal with the 
polarity inverted in every l frame period. A 2-input 
exclusive OR circuit 260 receives these two signals 
as inputs, and outputs signals with the polarity 
inverted in the every horizontal scanning period 
55 and in every i frame period. The video signal 
polarity inverting circuit 110 inverts the inputted 
video signals in synchronization with the polarity 
inverting timing of this signal, and outputs the 
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same to the segment drivers 30 and 40 through 
liquid crystal RGB signal lines 180 for transmitting 
the original video signals from the transmitting side. 
Consequently, data signals with the polarity in- 
verted as described above are applied to the data 
signal lines 70. and. as a result, images without 
flickers are displayed on the liquid crystal. 

Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 
example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- 
tion being limited only by the terms of the appen- 
ded claims. 

There are described above novel features 
which the skilled man will appreciate give rise to 
advantages. These are each independent aspects 
of the invention to be covered by the present 
application, irrespective of whether or not they are 
included within the scope of the following claims. 



Claims 

1. A liquid crystal display device, comprising: 
converting means (14. 39) for converting original 
video signals into pseudo video signals by time 
compressing original video signals of 1 horizontal 
scanning period of interlace system to 1/2. and by 
interpolating, between each of the compressed sig- 
nals, a signal which is similar to or the same as 
any of these signals; 

a liquid crystal panel including scan signal lines (5, 
36) the number of which being substantially equal 
to the number of valid scan lines in 1 frame of 
television signals, and a plurality of rows of liquid 
crystal pixels each connected to said scan signal 
lines (5. 36). 

each of said rows (22) of liquid crystal pixels in- 
cluding a plurality of liquid crystal pixels: 
scan driver means (3. 34) operating at a frequency 
twice as much as horizontal scanning frequency of 
said original video signals for successively scan- 
ning and driving said scan signal lines on said 
liquid crystal panel (1); 

timing control means (9. 45) for shifting operation 
timing of said scan driver means (3. 34) in a first 
field constituting 1 frame of said original video 
signals from operation timing of said scan driver 
means in a second field constituting sard 1 frame 
by one half of the horizontal scanning period of 
said original video signals; and 
segment driver means (2. 33) responsive to said 
pseudo video signals for driving said liquid crystal 
pixels in a frequency cycle twice as much as the 
horizontal scanning frequency of said original video 
signals. 

2. A liquid crystal display device according to 



claim 1 . wherein 

said original video signals are analog signals: and 
said converting means (39) includes 
analog/digital converting means (40) for converting 
5 said original video signals into digital signals; 

storing means (41) for storing digital signals con- 
verted by said analog/digital converting means for 
every horizontal scanning period of the original 
video signals; 

10 means (41) for successively reading digital signals 
of one horizontal scanning period twice in one 
horizontal scanning period from said storing means 
(41); ■ 

inverting means (42, 45. 46) for inverting polarity of 
15 the digital signals read by said reading means (41) 
in every 1/2 horizontal scanning period of the origi- 
nal video signals of; and 

digital/analog converting means (43) for converting 
the digital signals outputted from said inverting 
20 means (42. 45. 46) into analog signals. 

3. A liquid crystal display device according to 
claim 2, wherein 

said inverting means (42. 45. 46) comprises a first 
path (46) for directly applying the digital signals 

25 read by said reading means (41) to said 
digital/analog converting means (43); 
a second path (42. 46) for applying the digital 
signals read by said reading means (41) with the 
polarity inverted to said digital/analog converting 

30 means (43); and 

means (45. 46) for alternately activating said first 
and second paths in every 1/2 horizontal scanning 
period of the original video signals. 

4. A liquid crystal display device for driving 
35 liquid crystal pixels in response to original video 

signals of interlace specification, comprising: 
a liquid crystal panel (1) including scan signal lines 
the number of which being substantially equal to 
the number of valid scan lines of 1 frame of televi- 
40 sion signals, and a plurality of rows of liquid crystal 
pixels each connected to said scan signal lines, 
each of said rows (22) of liquid crystal pixels in- 
cluding a plurality of liquid crystal pixels; 
scan signal line driving means (50. 60) for succes- 
45 sively driving pairs of adjacent said scan signal 
lines (80) of a first combination in a first field out of 
first and second fields constituting 1 frame, and for 
successively driving pairs of adjacent said scan 
signal lines in a different combination in said see- 
so ond field: and 

pixel driving means (30. 40. 110. 120) for driving, 
responsive to said original video signals, the liquid 
crystal pixels connected to said scan signal lines 
(80) driven by said scan signal line driving means 

55 (50. 60). 

5. A liquid crystal display device according to 

claim 4. wherein 

said scan signal line driving means (50. 60) com- 
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prises: 

first scan driver means (50) connected to odd num- 
bered ones of said scan signal lines (80) for suc- 
cessively scanning and driving these signal lines 
one by one, 

second scan driver means (60) connected to even 
numbered ones of said scan signal lines (80) for 
successively scanning and driving these signal 
lines one by one, and 

controlling means (120) for simultaneously starting 
operations of said first and second scan driver 
means (50, 60) in said first field and for making 
different operation start timing of said first scan 
driver means (50) from that of said second scan 
driver means (60) by 1 horizontal scanning period 
in said second field. 

6. A liquid crystal display device according to 
claim 4, wherein 

said pixel driving means (30, 40, 110, 120) com- 
prises inverting means (110. 120) for inverting po- 
larity of said original video signals in every 1 frame 
and in every 1 horizontal scanning period, and 
means (30, 40) for applying an output from said 
inverting means to liquid crystal pixels connected 
to said scan signal lines (80) driven by said scan 
signal line driving means (50, 60). 

7. A liquid crystal display device according to 
claim 6, wherein 

said inverting means (110, 120) comprises output 
means (110) for outputting said original video sig- 
nals with the polarity inverted, and controlling 
means (120) for controlling timing of inverting po- 
larity of said original video signals in said output 
means (1 10). 

8. A liquid crystal display device according to 
claim 7. wherein 

said controlling means (120) comprises 
means (210) for separating and extracting, from 
composite synchronizing signals including a hori- 
zontal synchronizing signal and a vertical synchro- 
nizing signal corresponding to said original video 
signals, said horizontal synchronizing signal and 
said vertical synchronizing signal independently; 
first forming means (220) for forming a first signal 
whose polarity is inverted in every 1 horizontal 
scanning period by dividing said horizontal syn- 
chronizing signal separated and extracted by said 
separating and extracting means; 
second forming means (230, 240) for forming a 
second signal whose polarity is inverted in every 1 
frame period by dividing into two said vertical syn- 
chronizing signal separated and extracted by said 
separating and extracting means (210); and 
third forming means (250) for forming a third signal 
whose polarity is inverted in every 1 horizontal 
scanning period and in every 1 frame period, 
based on said first signal formed by said first 
forming means (220) and on said second signal 



formed by said forming means (230. 240). 

9. A liquid crystal display device according to 
claim 8, wherein 

said first forming means (220) comprises one flip- 

5 flop circuit, and 

said second forming means (230. 240) comprises a 
first flipflop circuit (230) for dividing once said 
vertical synchronizing signal, and a second flipflop 
circuit (240) for once again dividing the vertical 

10 synchronizing signal divided by said first flipflop 
circuit. 

10. A method of driving a liquid crystal display 
device for driving a liquid crystal panel (1) having 
scan signal lines (80) the number of which being 

;5 substantially equal to the number of valid scan 
lines of 1 frame of television signals, and a plurality 
of rows of liquid crystal pixels (22), each including 
a plurality of liquid crystal pixels each connected to 
said scan signal lines (5. 36). comprising the steps 

20 of: 

time-compressing signals of 1 horizontal scanning 
period of original video signals of interlace speci- 
fication into 1/2; 

forming pseudo video signals by interpolating, be- 

25 tween said compressed signals, a signal similar to 
or the same as any one of these signals; 
driving by successively scanning said scan signal 
lines by operating a scan driver (3, 34) at a fre- 
quency twice as much as the horizontal scanning 

30 frequency of said original video signals in a first 
field out of first and second fields constituting 1 
frame of said original video signals; 
driving by scanning said scan signal lines (5. 36) 
by operating said scan driver (3. 34) at a timing 

35 shifted from that in said first field by 1/2 time 
period of the horizontal scan period of said original 
video signals in said second field; and 
driving said liquid crystal pixels by operating, in 
response to said formed pseudo video signals, a 

40 segment driver (2, 33) at a frequency cycle twice 
as much as the horizontal scanning frequency of 
said original video signals, in said first and second 
fields. 

1 1 , A method of driving a liquid crystal display 
45 device for driving a liquid crystal panel (1) includ- 
ing scan signal lines (80) the number of which 
being substantially equal to the number of valid 
scan lines of 1 frame of television signals and a 
plurality of rows of liquid crystal pixels (22) includ- 
50 ing a plurality of liquid crystal pixels, each con- 
nected to said scan signal lines (80). comprising 
the steps of: 

successively driving pairs of adjacent said scan 
signal lines (80) of a first combination in a first field 
55 out of first and second fields constituting 1 frame, 
successively driving pairs of adjacent said scan 
signal lines (80) of a different combination in said 
second field; 
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and driving the liquid crystal pixels connected to 
said scan signal lines (80) driven in response to 
said original video signals, in said first and second 
fields. 

12. A liquid crystal display device for forming a 
picture from an input video signal representing a 
succession of picture frames, each comprising two 
interlaced fields, the device comprising a liquid 
crystal display screen comprising a multiplicity of 
display elements forming a matrix array having a 
number of lines equal to the number of scan lines 
in a frame of the video signal, and display drive 
means for receiving the video signal and controlling 
the display screen so that in any given frame all of 
the matrix lines of display elements are enabled in 
scan sequence in each said frame, the scan rate 
being twice the line scan rate represented in the 
video signal, wherein in one said field, the odd 
lines are driven with compressed segment signals 
derived from the part of the video signal for that 
one field and the even lines are driven using sig- 
nals derived by interpolation and wherein in the 
other said field the even lines are driven with 
compressed segment signals derived from the part 
of the video signal for that other field and the odd 
lines are driven using signals derived by interpola- 
tion. 
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